Introduction
Transfer hydrogenation is a catalyzed process that allows unsaturated compounds such as aldehydes, ketones and imines to be reduced by a hydrogen donor DH 2 , which is transformed to a by-product D, typically isopropanol giving acetone or formic acid giving CO 2 [1] [2] [3] [4] [5] [6] [7] . Hence, it performs the same transformations as hydrogenation but, relative to the latter, presents the main advantage of removing the hazards associated to the use of the gaseous and flammable H 2 .
However, because of the smaller thermodynamic driving force relative to hydrogenation, harsher conditions -namely higher temperatures -are generally required. Catalysts used to accelerate this reaction span from Lewis acids, which operate through the Meerwein-Ponndorf-Verley mechanism, to unsaturated transition metal hydrides that are able to promote a coordination/insertion mechanism, to transition metal complexes with π-loaded ligands such as amido functions able to operate via an outer-sphere (the so-called Noyori-Morris) mechanism [8, 9] . Many transition metal complexes are able to promote both hydrogenation and transfer hydrogenation and a strong base is generally required in both cases to achieve high activity. 2 (M = Rh, Ir; X = Cl, OMe) in the presence of various ligands have received considerable attention as pre-catalysts for transfer hydrogenation . The nature of the active species and the mechanism have been discussed in several experimental and computational contributions [14, 40, [55] [56] [57] [58] [59] [60] [61] [62] . It seems that a different mechanism may be adopted depending on the nature of the metal and of the supporting ligand. For instance, working with a computational model of the [RhCl(COD)] 2 /chiral diamine precatalysts used in the Lemaire group, Delbecq et al. find that only the outer sphere mechanism is able to account for the observed enantioselectivity of the reaction [57, 58] . Oro et al., on the other hand, conclude that systems generated from [Ir(µ-OMe)(diene)]/PR 3 function through a coordination/insertion mechanism [60] .
Rhodium and iridium complexes obtained from [MX(COD)]
One crucial question is whether the diene ligand in the precatalyst remains coordinated to the metal in the catalytically active species or whether it is displaced, either as such or in a hydrogenated form. It seems clear that COD is removed under hydrogenation conditions (i.e. under H 2 ), but whether this occurs under transfer hydrogenation conditions (particularly in warm isopropanol) does not bring consensus. It has been shown that certain systems differing only by the nature of the diene have different activity. For instance, Lemaire et al. have shown that the activity trend at room temperature of the [RhCl(diene)] 2 /diamine/KOtBu/iPrOH system as the diene is changed goes as COD > norbonadiene > hexadiene > (ethylene) 2 [55] . Similarly, the iridium system [IrCl(diene)] 2 /aminosulfide/HCOOH/NEt 3 has shown activities in the order COD >> (COE) 2 at 60°C. These observation have led the authors to propose that the diene or alkene remains metal bonded in the active species [18] . On the basis of these reports, the abovementioned computational investigations on Rh-and Ir-catalyzed transfer hydrogenation cycles were carried out on COD-containing systems, or models thereof [55] [56] [57] [58] [59] [60] .
However, evidence for COD release from iridium complexes under transfer hydrogenation conditions has been gathered since quite some time ago. Kvintovics et al. have shown that, in the presence of 2 equivalents of the chelating diphosphinite (2R,4R)-2,4-bis(diphenylphosphinoxy)pentane (BDPOP) and 10 equivalents of NaOMe, complex [IrCl(COD)] 2 loses COD within 60 min in isopropanol at room temperature to yield cyclooctene as the only detected product (no free COD and no cyclooctane) [13] . Spogliarich et al. have [65] . It should also be underlined that certain Rh and Ir complexes are known to be active catalysts for the transfer hydrogenation from alcohols to olefins [66] [67] [68] [69] [70] .
In this contribution, we report our investigations of the reaction between [IrCl(COD)] 2 catalys loading) [71] . However, a detailed investigation of the high-temperature activation has not been previously reported for this system to the best of our knowledge. We will show here that the COD ligand is hydrogenated and removed from the metal upon warming. Our investigation has retraced a few already well established transformations, but has also brought to the surface a few unexpected and surprising results.
Experimental

General
All reactions were carried out under an argon atmosphere using standard Schlenk techniques. as an internal standard in 7 mL of iPrOH. After 3 h of heating at 85°C, gas-chromatographic analysis of the solution revealed the generation of cyclooctene (54.4 %) and cyclooctane (32.2 %), while a peak at the elution time expected for cyclooctadiene was not observed.
X-ray structural analysis.
A single crystal of fac-[IrH 3 (PPh 3 ) 3 ]•CDCl 3 was mounted under inert perfluoropolyether at the tip of glass fiber and cooled in the cryostream of a Bruker APEXII diffractometer fitted with a Mo microfocus source. The structure was solved by direct methods (SHELXt) [72] and refined by least-squares procedures on F 2 using SHELXL-97 [73] . All H atoms attached to carbon were introduced in calculation in idealised positions and treated as riding models. The Ir atom as well as the C atom of the chloroform solvate are located on a 3-fold axis and then only a third of the whole molecule defines the asymmetric unit. The search for the H hydride in the region where it could be expected gave one peak which could be attributed to the hydride. This H was freely refined isotropically and gave satisfactory results. The drawing of the molecules was realised with the help of ORTEP32 [74, 75] . Crystal data and refinement parameters are shown in Table 1 . 
Results and discussion
The interaction between [IrCl(COD)] 2 and PPh 3 , at various P/Ir ratios, in isopropanol solution was investigated sequentially under three different conditions. First, the phosphine ligand was added to the complex at room temperature in the absence of a base. Then, a strong base was added at room temperature. Finally, the resulting solution was warmed up to the reflux temperature.
The addition of phosphines to [IrCl(COD)] 2 is a well known process, leading to different products depending on stoichiometry, solvent and ligand denticity (monodentate L, bidentate L 2 ): 
The NMR ( 1 H, 31 show coupling to the P nuclei, are virtual triplets rather than doublets, consistent with a strong homonuclear P-P coupling (see excerpts in Figure 2 ). When the experiment was repeated with a P/Ir ratio of 10, the major Ir product was still [IrH(COD)(PPh 3 ) 2 ] and the above described by-product remained visible at low intensity (see Figure 2S ), but an additional by-product (also very minor) also appeared. This is characterized by NMR spectrum for the AA'A"XX'X" system. This feature has been well described and simulated in a previous contribution [93] . However, we find that the 31 P resonance is located at δ 9.3 (see Figure 3 ) and not at the previously reported value of 30.05 [93] , as confirmed by the 1 H- 31 The COD hydrogenation and elimination from the metal cordination sphere in basic isopropanol, in the absence of H 2 , is in line with the previous work already mentioned in the introduction on related systems with diphospine, diphosphinite and pyridine-functionalized Nheterocyclic carbene ligands [13, 61, 63] . However, whereas those previous contributions only indicated the formation of cyclooctene, we also find that a considerable amount of cyclooctane is generated in this case. A possible reason for the more extensive COD hydrogenation before expulsion in the present case is that the supporting PPh 3 ligand, through its lower binding ability and/or lack of chelate effect, dissociates more easily from the metal center allowing more isopropanol to oxidatively add and to transfer hydrogen atoms to the organic ligand before this can be expelled. However, more mechanistic work is needed before firmly rationalizing this observation. At any rate, the results described here clearly demonstrate that the previously reported transfer hydrogenation processes catalyzed by [IrCl(COD)] 2 /phosphine ligand/strong base in isopropanol at high temperature likely generate active species that are devoid of the COD ligand. In the presence of PPh 3 [71] , whether the active catalyst is one or both of the isomeric diffraction study has confirmed the molecular geometry (see Figure 5 ). The molecule sits on a crystallographic threefold axis. Only the mer isomer was previously structurally characterized [99] . Ir-P distances are 2.347(3) Å for the unique P atom trans to H and 2.287(3) and 2.285(3) Å for the two P atoms trans to each other. The tendency for the Ir-P bonds to be lengthened by the trans influence of the H ligand is clear and the results for the two mer and fac isomers are consistent in this respect. 
Conclusions
The main contribution of the present work is the unambiguous demonstration that the [IrCl(COD)] 2 /PPh 3 /KOtBu precatalyst for transfer hydrogenation in isopropanol loses the COD ligand in a hydrogenated form (mixture of cycloctene and cyclooctane) when thermally activated.
Thus, previous assumptions that this catalytic system, as well as related ones with other monodentate phosphine (and probably also bidentate diphosphines), operate by COD-containing active species must be discarded. This investigation arrives at the same conclusion as that of Jiménez et al. based on a systems with a pyridine-functionalized N-heterocyclic carbene as ligand [61] . It is of interest to verify whether this phenomenon is specific to those ligands or general for
Ir-based precatalysts used as transfer hydrogenation precatalysts. It is also pertinent to ask the same question about the related Rh stystems, at least those requiring high temperatures to achieve significant activity.
Along the present study, we have also completed the NMR spectroscopic characterization of 
